Introduction {#S0001}
============

Esophageal carcinoma (EC), a malignant tumor originating from the esophageal epithelium, is the sixth leading cause of cancer-related mortality worldwide.[@CIT0001] There are two major histological types of EC: esophageal adenocarcinoma (EAC), the predominant cause of EC in the Western countries, and esophageal squamous cell carcinoma (ESCC), the leading histological type in Asians.[@CIT0002] In spite of the advances made in clinical diagnosis and multidisciplinary treatment, the overall prognosis of patients with EC is poor as the 5-year relative survival rate is less than 20% due to its rapid progression, resistance to radiochemotherapy, recurrence and metastasis.[@CIT0003],[@CIT0004] Thus, finding new therapeutic agents and emerging strategies is an urgent requirement for improving the clinical outcome of patients with EC.

Angiogenesis, the outgrowth of new blood vessels from pre-existing ones, has been demonstrated to play an important role in the growth and metastasis of most solid tumors.[@CIT0005] It is a complex process and involves extracellular matrix degradation, endothelial cell proliferation, migration, invasion, and transformation into tubular structures.[@CIT0006] The growth and progression of solid tumors, including esophageal cancer, depend on tumor angiogenesis.[@CIT0007] Anti-angiogenesis therapy has also been proven to be an effective strategy for the treatment of solid tumors. VEGF is the main angiogenesis promoting factor; therefore, anti-VEGF treatment is an effective anti-angiogenesis treatment strategy of tumors. Bevacizumab, a human recombinant monoclonal anti-VEGF antibody, is the first anti-angiogenesis drug that had been used for the clinical treatment of various tumors such as lung cancer and breast cancer.[@CIT0008]--[@CIT0010] In esophageal cancer, bevacizumab is still in the stage of clinical trials currently, but anti-VEGF treatment is a therapeutic strategy worth looking forward to.[@CIT0011]

Parthenolide (PT, [Figure 1A](#F0001){ref-type="fig"}), a natural sesquiterpene lactone, is the main active ingredient of feverfew (*Tanacetum parthenium*), which is used against fever and inflammatory diseases as phytomedicine.[@CIT0012],[@CIT0013] It has been established that PT is a nuclear factor kappa B (NF-кB) inhibitor whose mechanism of action is thought to involve direct binding and preventing NF-кB subunit p65 protein binding to DNA, and inhibition of the IкB kinase (IKK) complex, which activate NF-кB by promoting the proteasomal degradation of NF-кB inhibitors-IкBα and IкBβ.[@CIT0014] Recent studies have demonstrated that PT exhibits anticancer property in a number of human cancer cells, including breast cancer,[@CIT0015] lung cancer,[@CIT0016] pancreatic cancer,[@CIT0017] and colorectal cancer.[@CIT0018] PT has been shown to inhibit proliferation and induce apoptosis in various human cancer cells. Moreover, PT was also shown to inhibit angiogenesis in many tumors.[@CIT0019],[@CIT0020] In esophageal cancer, it has been reported that PT can inhibit the proliferation of EC9706 cells and induce apoptosis,[@CIT0021] however, there is limited information regarding its anti-angiogenic effect. In the present study, our results demonstrated PT was cytotoxic to Eca109 and KYSE-510 ESCC cells in vitro. PT could also inhibit the ESCC cell-induced angiogenesis, probably through the NF-кB/AP-1/VEGF pathway. The findings of this study suggested that PT might be a potential therapeutic agent in the treatment of ESCC.Figure 1PT suppresses the proliferation and migration of ESCC cells. (**A**) The chemical structure of PT (molecular formula C~15~H~20~O~3~, molecular weight 284.32); (**B**) CCK-8 analysis for Eca109 and KYSE-109 cells growth; (**C**) CCK-8 analysis for Het-1A growth; (**D**) Inhibitory effects of PT and DDP on Eca109 and KYSE-109 cells growth; (**E**) Colony-forming analysis for Eca109 and KYSE-510 cells; (**F**) Wound healing analysis for Eca109 and KYSE-510 cells migration. Data were represented as means ± SD, n = 3, \*P \< 0.05.

Materials and Methods {#S0002}
=====================

Reagents and Cells {#S0002-S2001}
------------------

PT and Cisplatin (DDP) were purchased from Selleckchem (Houston, TX, USA). Tumor necrosis factor-α (TNF-α) was obtained from Sigma Aldrich (St. Louis, MO, USA). Anti-CD31, anti-Ki67, anti-c-Fos, anti-c-Jun, and anti-NF-κB antibodies were purchased from Cell Signaling Technology (Danvers, MA, USA). Anti-VEGF and anti-GAPDH antibodies were obtained from Abclonal Technology (Wuhan, Hubei, China). The human ESCC lines--Eca109, KYSE-510 and human esophageal epithelial cells Het-1A were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Human umbilical vein endothelial cells (HUVECs) were obtained from Xiangya Central Experiment Laboratory. The cells were cultured at 37°C in a 5% CO~2~ incubator using Roswell Park Memorial Institute‐1640 (RPMI‐1640, Basal Media, China) containing 10% fetal bovine serum (FBS, Biological Industries, Israel), 100 U/mL penicillin and 100 μg/mL streptomycin.

Cell Proliferation Assays {#S0002-S2002}
-------------------------

Cells were inoculated into 96-well plates (2000 cells/well) and incubated with PT (0--50 μM) combined with DDP (5 μM) or not for 48 h after cell adhesion. The absorbance at the wavelength of 450nm was detected after 2 h incubation with 20 µL cell count kit-8 (CCK-8, Beyotime Institute of Biotechnology, Shanghai, China).

Colony Forming Assay {#S0002-S2003}
--------------------

Cells were seeded in 6-well plates at 1000 cells/well and incubated overnight. PT (0, 5, 10, 20 μM) was added to the well for 4 h and the used medium was replaced with a fresh medium. The cells continued to be cultured for 2 weeks to form clones, during which the medium was replaced every 2 days. Subsequently, 4% paraformaldehyde was applied to fix the cells after washes with PBS. The Image J software (Bethesda, MD, USA) was used to count the clones dyed by crystal violet.

Wound Healing Assay {#S0002-S2004}
-------------------

Cells were inoculated in a 6-well plate until the cell fusion rate reached 90%. A wound was created on the confluent monolayer cells using a 10 µL pipette tip, and cell fragments and floating cells were scoured off by PBS. The cells were then cultured with PT at different concentrations (0, 5, 10, 20 μM) for 48 h in a medium supplemented with 1% FBS. The 6-well plate was photographed under an optical microscope at specific time points (0, 48 h), and the wound healing area was calculated using the Image J software (Bethesda, MD, USA).

Cell Invasion Assay {#S0002-S2005}
-------------------

Cells were suspended in a serum-free medium, seeded in a Transwell upper chamber with Matrigel (Corning Incorporated) at 5×10^4^ cells/well, and a medium containing 10% FBS was added to the lower chamber. Cells in the upper compartment were incubated with different doses of PT (0, 5, 10, 20 μM) for 48 h. Washing with PBS, fixation, and staining were performed in the same manner as in the clone formation assay. After wiping cells in the upper compartment with cotton swabs, five fields of view were randomly taken under the microscope to tally the number of invaded cells.

Tube Formation Assay {#S0002-S2006}
--------------------

Each well of the 96-well plate was tiled with 50 µL Matrigel (Corning Incorporated), standing at 37°C for 30 min, followed by seeding each well with HUVECs at 1000 cells/well. After 8 h of culture, the tube was photographed under an inverted microscope.

ELISA Assay {#S0002-S2007}
-----------

Eca109 and KYSE-510 cells were cultured with PT (0, 5, 10, 20 μM) for 24 h. The supernatant of the centrifuged culture medium was collected to detect VEGF secretion. The concentration of VEGF was determined according to the manufacturer's instructions provided with the VEGF ELISA kit used for the analysis (Proteintech group).

Western Blot Analysis {#S0002-S2008}
---------------------

Extraction of the total cellular protein from cells treated with different doses of PT (0, 5, 10, 20 μM) for 48 h was carried out using the radio-immunoprecipitation buffer (RIPA, MultiSciences, Hangzhou, China) supplemented with protease inhibitors and phosphatase inhibitors. The protein concentration in the supernatant collected after centrifugation at 15,000 rpm at 4° C for 30 min was measured using the BCA protein kit. The denatured protein was transferred to polyvinylidene difluoride (PVDF) membranes for antibody incubation (NF-kB, c-Fos, c-Jun, VEGF, GAPDH) at 4°C overnight after electrophoresis. Subsequently, the membrane was incubated with the secondary antibodies at room temperature for 2 h followed by two cycles of 30 min TBST washing. The luminol/enhancer reagent (New Cell and Molecular Biotech) was used to detect the bands.

Tumor Xenograft Model {#S0002-S2009}
---------------------

Eca109 cells were digested with trypsin to yield a single cell suspension containing 1×10^7^ cells/mL in PBS. At a dose of 100 µL per mice, the cell suspension was subcutaneously injected to the right side of each 4-week-old female Balb/c nu/nu mice. The two groups generated by random selection were injected intraperitoneally with DMSO and PT (4 mg/kg) three times a week, respectively. The body weight and tumor volume (v) of the mice were measured every 2 days. Each time the longest diameters (a) and shortest diameters (b) of the tumor were recorded, the tumor volume was presented as v=1/2 (a×b^2^), and the mice were sacrificed by cervical dislocation after 4 weeks.

Immunohistochemistry {#S0002-S2010}
--------------------

Tumors and organs from the nude mice were prepared into paraffin sections for H&E staining and immunohistochemical analysis. In short, the paraffin sections were deparaffinized until dehydration, then placed in citric acid buffer to complete antigen retrieval in the microwave and wait for natural cooling. Hydrogen peroxide (3%) was used to block the endogenous peroxidase between the two cycles of PBS washing (5 min each). The primary antibody (anti-NF-κB, anti-c-Fos, anti-c-Jun, anti-VEGF, anti-Ki67, and anti-CD31) was then added dropwise to the blocked sections and incubated overnight at 4°C. The next day, the PBS cleaned sections were incubated with horseradish peroxidase- (HRP-) labeled secondary antibodies for 50 min and then washed again. 3,3-diaminobenzidine (DAB) staining was performed under the control of a microscope, and hematoxylin was used to stain the nucleus after the staining was terminated by running water. Finally, the sections were sealed with neutral gum after dehydration and transparency, and the images were collected and analyzed under the microscope. The microvessel number was determined by counting the CD-31 staining positive vessels within tumor tissues at 100×magnification.

Statistical Analysis {#S0002-S2011}
--------------------

All data are presented as the mean ± standard deviation (SD) of at least three independent experiments. Statistical analysis was performed using SPSS 17.0 software. Student's *t*-test was used to analyze the differences between the two sets of data. P\<0.05 was considered statistically significant.

Results {#S0003}
=======

Parthenolide Suppresses Cell Proliferation and Migration of ESCC Cells {#S0003-S2001}
----------------------------------------------------------------------

To determine the effects of PT on the growth of human ESCC cells, various concentrations of PT were used to treat Eca109 and KYSE-510 cells for 48 h and the cytotoxic effects were evaluated by the CCK-8 assay. As shown in [Figure 1B](#F0001){ref-type="fig"}, the growth ability of Eca109 and Kyse-510 cells were significantly weakened by PT treatment in a dose-dependent manner. The IC50 value of PT for Eca109 and KYSE-510 cells were found to be approximately 10.3 and 13.3 μM at 48 h, as a result, 5, 10 and 20 μM of PT was been used in the subsequent experiments. Whereafter, the effect of PT on the proliferation capacity of esophageal epithelial cells Het-1A was detected, and the results are shown in [Figure 1C](#F0001){ref-type="fig"}. PT also had an inhibitory effect on the proliferation of Het-1A, whereas the IC50 of PT for Het-1A was approximately 21.54 μM, which significantly higher than that on Eca109 and KYSE-510.

The anti-proliferation effects of PT (5, 10, 20 μM) combined with DDP (5 μM) were also evaluated on ESCC cells. The results in [Figure 1D](#F0001){ref-type="fig"} showed that DDP combined with PT led to a more effective suppression on the proliferative capacity of Eca109 and KYSE-510 compared with DDP alone.

In addition, the colony formation assay was used to investigate the effect of PT on ESCC cell growth. The results in [Figure 1E](#F0001){ref-type="fig"} show that compared to the control group, the number and size of colonies of Eca109 and KYSE-510 cells gradually decrease with the increasing concentration of PT.

Metastasis is the major cause of ESCC-related death among patients. Hence, the wound healing migration assay was conducted to investigate the influence of PT on ESCC cell migration ability. As shown in [Figure 1F](#F0001){ref-type="fig"}, the wound healing rate of Eca109 and KYSE-510 cells treated with PT for 48 h was significantly lower than that of the control group, and the inhibition was within a dose-dependent manner. These results indicate that PT could inhibit the viability and migration of ESCC cells.

Parthenolide Inhibits Angiogenesis in vitro {#S0003-S2002}
-------------------------------------------

We next evaluated the activity of PT on angiogenesis, which plays a critical role in the progression and metastasis in ESCC. HUVECs were treated with different concentrations of PT for 24 h. Subsequently, the proliferation, migration, invasion, and tube formation abilities of HUVECs were evaluated. As shown in [Figure 2](#F0002){ref-type="fig"}, the HUVEC cells proliferation, migration, invasion, and tube formation were all inhibited by PT treatment in a dosage-dependent manner. These results demonstrate that PT shows a marked anti-angiogenic effect.Figure 2PT suppresses proliferation, migration, invasion and tube formation of HUVECs. (**A**) CCK-8 analysis for HUVECs proliferation; (**B**) Wound healing analysis for HUVECs migration; (**C**) Transwell Matrigel analysis for HUVECs invasion; (**D**) Tube formation analysis for HUVECs tube formation. Representative results and quantitative data of tube formation of HUVECs. All data were represented as means ± SD, n = 3, \*P \< 0.05.

Parthenolide Inhibits VEGF Expression in ESCC Cells by Downregulating NF-κB {#S0003-S2003}
---------------------------------------------------------------------------

The competence of PT in inhibiting NF-κB has been reported in a variety of tumor cells.[@CIT0022],[@CIT0023] VEGF is the dominant regulator of angiogenesis. Therefore, we hypothesized that PT might regulate the expression of VEGF through the NF-κB pathway. AP-1, a dimer complex transcriptional activator consists primarily of Fos and Jun proteins, was reported to be regulated by NF-κB and interacts with NF-κB to cooperatively regulate the expression of target genes.[@CIT0024],[@CIT0025] In this study, Western blotting was conducted to detect the expression of NF-κB, c-Fos, c-Jun, and VEGF proteins in ESCC cells treated with PT. As shown in [Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}, the expression of NF-κB, c-Fos, c-Jun, and VEGF was downregulated in Eca109 and KYSE-510 cells after incubation with PT for 24 h. In addition, ELISA was conducted to analyze the secretion of VEGF by ESCC cells. Data from [Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"} revealed that the expression of VEGF proteins in the culture supernatant of Eca109 and KYSE-510 cells reduced significantly with the increasing concentration of PT.Figure 3PT inhibits the expression of NF-κB, AP-1 and VEGF in ESCC cells. Western blot analysis for the determination of the expression of NF-κB, AP-1 and VEGF in (**A**) Eca109 and (**B**) KYSE-510 cells; ELISA analysis for the determination of the expression of VEGF in the culture medium of (**C**) Eca109 and (**D**) KYSE-510 cells; (**E**) Western blot analysis for the determination of the expression of NF-κB, c-Fos, c-Jun and VEGF in Eca109 cells treated with PT and/or TNF-α. Data were represented as means ± SD, n = 3, \*P \< 0.05.

To gain further insight into the involvement of NF-κB and AP-1 on the expression of VEGF, TNF-α (10 ng/mL), an NF-κB promoter,[@CIT0026] was used to treat Eca109 cells in the presence or absence of PT (10 µM) for 24 h. Data from [Figure 3E](#F0003){ref-type="fig"} showed that TNF-α treatment markedly induced the expression of NF-κB, and also increased the expression of c-Fos, c-Jun, and VEGF in Eca109 cells. The PT-induced downregulation of c-Fos, c-Jun, and VEGF was partially recovered by TNF-α. These results suggest that PT might inhibit ESCC cell-induced angiogenesis through the NF-κB/AP-1 pathway.

Parthenolide Inhibits Tumor Growth and Tumor Angiogenesis in a Mouse Xenograft Model {#S0003-S2004}
------------------------------------------------------------------------------------

The mouse xenograft model established by Eca109 cells was used to explore the anti-tumor-growth and anti-angiogenesis effect of PT in vivo. After 4 weeks of intraperitoneal injection of 4 mg/kg PT three times a week in nude mice, the tumor volume in the PT-treated group of nude mice was significantly smaller than that in the control group ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). In addition, no significant difference in the bodyweight of nude mice was detected between the two groups ([Figure 4C](#F0004){ref-type="fig"}). Similar results from H&E staining of paraffin sections of normal tissue (heart, liver, spleen, lung, and kidney) in both the groups also represented low toxicity of PT to normal organs ([Figure 4D](#F0004){ref-type="fig"}).Figure 4PT inhibited tumor growth in Eca109 ESCC subcutaneous xenograft tumor model. (**A**) Representative picture showing subcutaneous tumor-bearing nude mice of control and PT-treated group; (**B**) Changes in tumor volume of nude mice during treatment; (**C**) Changes in body weight of nude mice during treatment; (**D**) Representative images of HE staining for normal tissues (heart, liver, spleen, lung and kidney). Subcutaneous tumor-bearing nude mice were intraperitoneally injected with PT 4 mg/kg body weight, thrice a week for 4 weeks. Data were represented as means ± SD, n=6, \*P \< 0.05.

Parthenolide Inhibits Expression of NF-κB, AP-1, and VEGF in the Tumor of Mouse Xenograft Model {#S0003-S2005}
-----------------------------------------------------------------------------------------------

Ki67 is a nuclear antigen that is directly associated with cell proliferation.[@CIT0027] From [Figure 5A](#F0005){ref-type="fig"}, Ki67 staining of tumor sections reveals that the PT-treated groups have markedly less Ki67-positive cells than the control group. CD31 (PEMCAM1), a member of the immunoglobulin superfamily, has shown a crucial role as an immune marker in vascular-related tumors, and has also been widely applied to evaluate tumor angiogenesis.[@CIT0028],[@CIT0029] From [Figure 5B](#F0005){ref-type="fig"}, well-formed CD31-positive vessels within tumor tissues could be seen in these tumors. The microvessel density in the tumor tissues of PT-treated group was much lower than that in the control group, suggesting that angiogenesis in the mouse xenograft model was markedly inhibited by PT treatment. Moreover, the expression levels of NF-κB, c-Fos, c-Jun, and VEGF were suppressed by PT treatment in the xenograft tumors, in accordance with the in vitro results ([Figure 5C](#F0005){ref-type="fig"}).Figure 5PT inhibits angiogenesis and down-regulates the expression of NF-κB, AP-1 and VEGF in vivo. (**A**) Representative images of IHC staining for Ki-67 in the xenograft tumors; (**B**) Representative images of IHC staining for CD31 in the xenograft tumors and the determination of the antiangiogenesis effects of PT; (**C**) Representative images of IHC staining for NF-κB, c-Fos, c-Jun and VEGF in the xenograft tumor model. \*P \< 0.05.

Discussion {#S0004}
==========

In recent years, many studies have discovered the antitumor effect of PT in a variety of cancers.[@CIT0015],[@CIT0017],[@CIT0019],[@CIT0020] In the present study, we uncovered the antitumor effect and the underlying mechanism of action of PT on ESCC. We demonstrated that PT could inhibit the proliferation and migration of Eca109 and KYSE-510 ESCC cells in vitro and inhibited the tumor growth of Eca109 ESCC xenograft model. Previous studies have reported that PT can produce a cytotoxic effect on tumor stem cells, while only has a slight effect on normal cells.[@CIT0030] In accordance with this, our results also showed that PT has a higher IC50 on normal esophageal epithelial cells compared to ESCC cells, indicating that PT is less toxic to normal cells. Furthermore, no marked bodyweight lose and no significant toxicity in the heart, liver, lung, kidney, and spleen of mouse was observed following PT treatment. These findings suggest that PT might be a potent therapeutic agent in the treatment of ESCC that inhibits ESCC growth with low toxicity to animals.

PT has been shown to increase the sensitivity of some chemotherapeutic drugs in tumors, for instance, PT significantly enhances the sensitivity of the A549 lung cancer cell to Oxaliplatin through Inhibition of NF -κB,[@CIT0031] and PT combined with DDP showed more effective inhibition on SGC-7901/DDP in gastric cancer cell.[@CIT0032] Here, PT in combination with DDP was used to treat ESCC cells, and the results showed that PT could significantly enhance the cell proliferation inhibition effect of DDP on Eca109 and KYSE-510 cells, indicating that PT and DDP have a synergistic effect on ESCC.

Angiogenesis is a fundamental prerequisite in the continued growth and metastasis of tumors.[@CIT0033] Inhibition of angiogenesis is therefore an effective strategy to inhibit tumor growth. In order to have more insight into the action of PT on ESCC, angiogenesis inhibition assays were conducted. We showed that PT could inhibit the HUVEC migration and tube formation in vitro and reduced density of microvessel in the ESCC xenograft model. Next, we investigated the underlying mechanism through which PT inhibits angiogenesis in ESCC. Studies have revealed that tumor-induced angiogenesis is mainly promoted by the production of pro-angiogenic factors, which are secreted by tumor cells.[@CIT0034] VEGF, the dominant regulator of angiogenesis, could be expressed and secreted by a number of tumor cells.[@CIT0035],[@CIT0036] VEGF could bind and activate the tyrosine kinase receptor VEGFR2 in endothelial cells, and subsequently stimulated the survival, proliferation, migration, and invasion of endothelial cells, which are critical steps in tumor angiogenesis.[@CIT0005],[@CIT0037]-[@CIT0039] It has been demonstrated that PT exhibits its antitumor activity through inhibition of NF-кB.[@CIT0040] In addition, VEGF is a downstream molecular of NF-кB.[@CIT0041]--[@CIT0043] In this study, we demonstrated that PT treatment could inhibit the expression of NF-кB and VEGF, in the two ESCC cell lines, which is similar to the part results reported in multiple myeloma, breast and colorectal cancer cells.[@CIT0020],[@CIT0044],[@CIT0045] In addition, we further investigated the effects of PT on VEGF secretion and revealed that PT suppressed the secretion of VEGF in ESCC cells in a concentration-dependent manner, which is in concordance with the results of Kong et al and Li et al.[@CIT0046],[@CIT0047] These findings suggested that PT might exert its anti-angiogenic effects through inhibition of NF-кB induced VEGF expression in ESCC cells.

Previous studies have revealed that AP-1, a group of basic leucine zipper transcription factors, might be involved in the NF-кB regulated VEGF expression.[@CIT0048] Due to the multiple AP-1-binding motifs within the VEGF promoter,[@CIT0049] we speculated that AP-1 might be involved in regulating the VEGF expression affected by PT. AP-1 is primarily composed of dimeric protein complexes formed by members of the Fos (c-Fos, FosB, Fra1, and Fra2), Jun (c-Jun, JunB, and JunD) and ATF families of proteins.[@CIT0050] The dominant forms of AP-1 are Fos/Jun heterodimers, which are more stable and have a high affinity for binding to an AP-1 site than the other forms. The two major constituents of AP-1, c-Jun and c-Fos, are frequently overexpressed in multiple tumors, including ESCC.[@CIT0051],[@CIT0052] c-Fos was considered as an immediate-early response gene and can be induced by activation of NF-кB.[@CIT0025] c-Fos has been shown to interfere with cell proliferation and induce cell transformation.[@CIT0053],[@CIT0054] c-Jun is a member of Ap-1, as well as the most potent transcriptional activator of Ap-1.[@CIT0055] c-Jun was shown to regulate cellular proliferation and apoptosis.[@CIT0056],[@CIT0057] In the present study, we showed that PT treatment could decrease the expression c-Jun and c-Fos in ESCC cell lines and in the tumor of Eca109 ESCC xenograft model. Combined with the previous reports and the present data, we speculate that PT might regulate VEGF expression through the NF-κB/AP-1 pathway.

TNF-α, an inflammatory cytokines, can promote cancer progression, including stimulate proliferation, survival, angiogenesis, and metastasis in most cancer cells.[@CIT0058],[@CIT0059] Several studies showed that NF-α could induce transcriptional activation of NF-κB.[@CIT0060],[@CIT0061] To further demonstrate that mechanism of PT regulates VEGF expression, we treated the Eca109 cells with PT combined with TNF-α. The data showed that TNF-α treatment activated the expression of NF-κB, c-Jun, c-Fos, as well as VEGF, and the PT-induced downregulation of the four proteins was partially recovered by TNF-α. These results suggested that PT might inhibit ESCC cell-induced angiogenesis through the NF-κB/AP-1/VEGF pathway, but further studies are still required to verify the underlying mechanism of PT-induced inhibition of angiogenesis.

In summary, the present study demonstrated that PT appears to markedly inhibit the growth of ESCC cells in vitro and in vivo. PT could significantly inhibit ESCC-induced angiogenesis by reducing the expression of VEGF, possibly by negatively regulating the NF-κB/AP-1 pathway. Our study provides a better understanding of the anti-tumor effects of PT and presents PT as a potent chemopreventive agent for the treatment of ESCC.
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